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Executive Summary

This deliverable is an outcome of Task 6.4 of the evaluation work package of the
Amitran project and addresses the development of an interface to link the
outputs of the impact assessment to the requirements for the application of a
Cost and Benefit Analysis (CBA) or Cost Effectiveness Analyses (CEA).

This report describes guidelines on how to apply a CBA or CEA and provides the
practical steps a user has to follow to apply these methodologies. For the use of
the guidelines no experience in economic evaluation is needed. By this, these
guidelines differ from many other guidelines, which most times assume an
exhaustive knowledge of economic evaluation methodologies.

Using CBA within the Amitran framework provides concrete, unified results for the
socio-economic impacts of ICT projects/measures in transport. It forms a
comprehensive and unified approach to estimate the costs and benefits of
different ICT projects/measures with a consistent use of parameters, assumptions,
etc.. The approach makes use of scientific and transparent methodologies and
state-of-the-art information to generate the results. The Amitran framework
applies CBA as the most prominent economic assessment tool to prove the
profitability of an ICT project/measure on society level.

Using CEA within the Amitran framework provides a straightforward and simple
methodology to rank ICT projects/measures on their main effect: the reduction in
CO; (or other type of) emissions. By using the CEA methodology the most cost-
effective project/measure with regard to decreasing the CO, (or other type of)
emissions can be identified.
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1.0bjectives of this Deliverable

1.1 The Amitran-project

The aim of AMITRAN is to develop a framework for evaluation of the effects of
ICT measures in traffic and transport on energy efficiency and CO, emissions. By
doing so, it will contribute to the development of ICT solutions that allow more
efficient multimodal goods transport and passenger mobility. It is Amitran’s
ambition to build the foundations for a standardised assessment of future
European ICT developments. Earlier studies indicate possible CO, reductions up
to 25% with certain ICT measures. Amitran provides the methodology and tools
to assess such reductions on a European level in a systematic and realistic way.
This will support developers, public authorities and investors in ICT solutions to
make sound decisions based on reliable impact estimates, covering the complete
transport chain.

Amitran’s objectives are to:

e Develop a CO, assessment methodology for ICT measures including
multimodal passenger and freight transport, taking into account the
whole chain of effects from user behaviour to CO, production;

e Develop open interfaces for models and simulation tools implementing
this methodology starting from the road sector and integrating high level
modelling from the other modes

e Develop a generic scaling up methodology and publicly available
database with statistics to translate local effects to EU level;

e To provide a practical grip to different stakeholders and prospective users
of the Amitran methodology on the economical evaluation of ICT
measures by developing a Cost Benefit Analysis and Cost Effectiveness
Analysis methodology for assessing the impacts of ICT measures on CO;
emissions;

e Validate the proposed methodology and its implementation with
reference implementations using available data from other projects
and/or studies;

e Produce an online checklist and a handbook for future projects to use the
proposed methodology in a practical manner.

The scope of Amitran is as follows. All modes are included with the exception of
air transport and deep sea transport. All types of ITS applications are included.
The long term changes as a result of ITS on the infrastructure network and public
transport and freight transport scheduling are not included. Focus of Amitran is
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on the assessment of CO, effects while other results are extras. The geographical
scope for Amitran is all of the EU Member States; the methodology is applicable
on all scales, but focus for scaling up is on country and EU level.

This deliverable is an outcome of Task 6.4 of the evaluation work package of the
Amitran project and addresses the development of an interface to link the
outputs of the impact assessment to the requirements for the application of a
Cost and Benefit Analysis (CBA) and a Cost Effectiveness Analysis (CEA). Task 6.4
outer aim is to provide guidance on how to process the assessed impacts of ITS
measures on the transport process to the costs and benefits of society that result
from their application.

1.2 Aim of this report

This report describes guidelines on how to apply the two most widely used
economic evaluation methodologies and provides the practical steps a user has
to follow to apply these methodologies.

There is a range of evaluation techniques available, each of which has its own
value-added, advantages and limitations. This report focuses on two frequently
used evaluation methodologies:

e A cost-benefit analysis (CBA);

e A cost-effectiveness analysis (CEA) .

Characterising for both evaluation methodologies is they provide quantitative
information on the efficiency and effectiveness of measures, contrary to for

example a mainly qualitative evaluation like multi criteria analysis.

The presented guidelines for economic evaluation are part of the Amitran
methodology and checklist which can be found on the Amitran wiki
(www.amitran.eu/knowledge-base) and can be used in order to evaluate the

effects of ICT and ITS measures in traffic and transport for society. This includes
all ICT and ITS measures categories that fall underneath the Amitran
methodological scope; namely:

¢ Navigation, Travel Information and Planning Support;

e Traffic Management and Control;

e Demand and Access Management;

e Driver Behaviour and Eco-driving;

e Logistics and Fleet Management;

e Safety and Emergency Systems
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For the use of these guidelines no experience in economic evaluation is needed.
By this, these guidelines differ from many other guidelines, which most times
assume an exhaustive knowledge of economic evaluation methodologies.

CBAs and CEAs are long existing methods of project evaluation. The concept of
CBA already dates back to an 1848 article by Frenchman Jules Dupuit and is
based on welfare economics. The theory of welfare economics developed further
in the 19h century and in the beginning of the 20th century. Theory and practice
however remained divergent for a long time, until the formal requirement that
costs and benefits needed to be compared for water-related investments in the
USA in the late 1930s. Since then the concept has developed quickly, as well as
the theory behind it and its application in government policies. In particularly
since the Second World War both evaluation techniques have become common.
In many western countries CBAs and CEAs are now widely accepted as the major
appraisal technique for public investments and public policy. Nowadays it is also
often required for government decisions on investments. See for example the EU
Guide to Cost Benefit Analysis of Investment Projects (2008). Also at national (or
even regional or metropolitan level) different guidelines do exist.

The CBA and CEA approach in this report is based on the current state of art of
the approaches for both techniques. The report builds for example on recently
finished or ongoing EU projects like FESTA (Field opErational teSt supporT
Action), COST (an intergovernmental framework for European Cooperation in
Science and Technology), eIMPACT (Assessing the Impacts of Intelligent Vehicle
Safety Systems), HEATCO (Developing Harmonised European Approaches for
Transport Costing and Project Assessment) but also the work of International
Benefits Evaluation and Costs (IBEC) working group and for example the OEI-
guidelines (‘'overview of economic impacts of infrastructural projects’) in The
Netherlands. All these projects and groups focus on the development of the CBA
and CEA methodology in general or on the economic evaluation of ITS projects in
particular. This report builds as much as possible on these developments and the
several groups that maintain and further develop the CBA and CEA
methodologies, resulting in a state-of-the-art report.

As a result, the CBA and CEA described in this report enables a robust and
consistent analysis of all projects that use the Amitran framework. This is achieved
through amongst others: a common input dataset, reference sources, common
indicators and parameters, uniform approaches for analysing costs and benefits,
recommendations on the discount rate, uniform guidelines on the way sensitivity
analyses are to be carried out etc. This not only enables a sound basis for
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decisions but also results in a similar evaluation approach of different technical
feasible options / different infrastructure projects. All projects are treated in the
same way which ensures a ‘level playing field" in the evaluation of different types
of projects. In this deliverable we aim to produce a universal economic analysis
guidelines for the assessment of ICT measures falling under categories identified
in Amitran (Navigation, Travel Information and Planning Support; Traffic
Management and Control; Demand and Access Management; Driver Behaviour
and Eco-driving; Logistics and Fleet Management; Safety and Emergency
Systems). In this way Amitran contributes to a further standardized approach of
the application of CBAs and CEAs in general.

With this report it is possible for the reader to produce a first indication or quick
scan of the expected outcomes of a CBA and a CEA. Based on this, discussions on
the feasibility and desirability can be started. However, it remains a first
indication. Later on in the process a more detailed CBA may be necessary. The
CBA and CEA methodology now included in the Amitran methodology results in a
complete overview and guidance tools for assessment purposes.

1.3 Framework for evaluation of effects

The proposed Amitran framework for evaluation of effects of ICT measures on
CO, emissions has been formulated throughout Work package 6 of the project as
can be seen in Figure 1. The CBA and CEA methodology that are described in this
document have culminated to address the needs as derived for the selection of
possible use cases which aims at addressing the potential users of the Amitran
methodology.
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User needs (WP2) Overall assessment
And research . of Amitran
Testing &
questions e |ng. methodology
Evaluation

(T6.2)

Definition
(Te.1) Hypotheses &Pls Hypotheses
formulation Evaluation

Test Cases
Use Cases Impact Assessment Hypotheses
definition (T6.3) Testing

Use case test by
carrying out Impact
Assessment

Proof of
Concept
(T6.4)

CBA & CEA

Figure 1 Impact Assessment and Economic Analysis phase within the proposed
AMITRAN V-model for validation

In the course of the Amitran evaluation framework, the Cost and Benefit Analysis
(CBA) and the Cost-Effectiveness Analysis (CEA) follow the impact assessment
process for the examined ICT measures.

The goal of impact assessment is to determine the effects of ICT measures on, for
example, traffic flow, safety, environment and mobility, providing input to the
decision making process. In the Amitran project we focus on the effect on
environment (CO, emissions), and usually the effect on traffic flow is a by-product
needed for the CO, assessment. An impact assessment is performed by
describing the changes in the transport processes caused by the ICT measures
under investigation. The effects on traffic are described by suitable “measures of
effectiveness” (MoE) parameters that explain characteristics of traffic flow. Such
parameters can be the average speed (to describe journey time required for a
trip) or the standard variation of speeds at a local measurement point (to
describe homogeneity of traffic).

The impact assessment consists of the following sequential steps:
e Description of the functionality of the ICT measure under investigation
e Modelling of the ICT functionality
e Inclusion of ICT function modelling in “modelling suite”:

e Running simulations for scenarios
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The results of the impact assessment consist of a set of MoEs which describe
effects of the ICT measures. The MoEs are specific to the scenarios (e.g. for
peak/off-peak times) which were used for the analysis. These are the input for
further performing the scaling up process, if needed, before the input is used to
perform a CBA and/or CEA. The position of the economic analysis in the
AMITRAN evaluation framework is illustrated in Figure 2.

Impacts not in target
geographical scope

Description of
functionality

Impact Assessment

Scaling up ICT
impacts

Modelling of

functionality Economic Analysis

CBA

Inclusion of ICT in
modelling suite

Simulations for
scenarios

Impacts in target
geographical scope

Figure 2 Position of economic analysis in Amitran evaluation framework

1.4 Reader’s guide

In chapter 2 both the CBA and CEA methodology are introduced: a general
description is given as well as a description of the main differences between a
CBA and a CEA. Subsequently chapter 3 and 4 describe the different steps that
have to be undertaken in both methodologies. Chapter 3 focusses on the CBA
and chapter 4 on the CEA.
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2. Introduction of CBA and CEA

This section gives a short introduction to a CBA as well as a CEA. It successively
gives a general description of the aim and the (type of) outcomes of both
evaluation methodologies (section 2.1 and 2.2), and a description of the
differences between both methodologies (section 2.3).

2.1 What is CBA?

Aim of CBA

In WP4, the Amitran methodological framework has been defined. In doing so,
extensive literature review has been conducted regarding the impacts of ITS on
transport processes and how these translate to environmental impacts in matter
of CO, emissions. However, the economic evaluation of the impact of ITS on CO,
emissions calls for the use of a methodology that can assess in economic terms
the costs and benefits that come along with the impacts on the transport
processes. A CBA is a systematic process for calculating and comparing benefits
and costs of a project, decision or government policy (in this case the
implementation of ITS, hereafter referred to as "ITS project”).

In a CBA the benefits and costs of an ITS project are calculated and compared for

two purposes:

e to determine if the ITS project is a sound investment (profitability
/justification/feasibility)

e to see how the ITS project compares with alternative projects (ranking/priority
assignment)

CBA is a method for evaluating the efficiency of a project or programme in terms
of net welfare effects (e.g. travel time savings, changes in tax revenues and
expenses, external cost of CO, and other air pollutant emissions and other
ancillary effects).

In a CBA, benefits and costs are expressed in monetary terms, and are adjusted
for the time value of money, so that all flows of benefits and flows of project
costs over time (which tend to occur at different points in time) are expressed on
a common basis in terms of their "net present value." By this a CBA attempts to
determine whether an ITS project is desirable from the point of view of social
welfare by comparing the (time-discounted) costs and benefits of the project. An
example of a CBA is given in Table 1.
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Example outcome CBA

Below the illustrative costs and benefits are given for a new road for cyclists that will
shorten their average trip length substantially. The effects of the ITS project are a
reduction in the travel times for cyclist, less revenues from excise duties for the
government due to a shift from car to bike, travel time gains for the remaining cars (due
to less congestion), less health costs due to the increased number of people that cycle,
increased external costs due to an increase in the number of (cycle) casualties in traffic,
less costs for the government due to the fact that less subsidy has to be given to public
transport and finally travel time gains for cyclist due to the fact that the average trip
length is substantially reduced.

Overview costs and benefits Costs Benefits Total
Investments € -1.000.000

Maintenance costs € -181.000

Excise duties from car traffic € -302.000

Travel time gains for cars € 181.000

Health effects € 856.000

External effects (emissions, noise, injuries) € -573.000

Subsidies public transport € 1.585.000

Travel time gain cyclists € 5.138.000

Total € -2.055.000 € 7.760.000 € 5.704.000

It can be concluded from the overview of costs and benefits that the ITS project is
profitable for society since the overall benefits (€ 7.760.000) outweigh the overall costs (€
-2.055.000) to a large extent.

Table 1 Example outcome CBA

Two types of CBA

Two types of CBA can be distinguished: socio-economic CBA and financial CBA.

1.Socio-economic CBA (‘all effects’)

A CBA from the perspective of society as a whole is often called a socio-economic
cost-benefit analysis. A socio-economic CBA involves the identification of all
effects of a project on the welfare of all members of society. This includes
financial effects, as well as non-financial effects (for example impacts on noise,
pollution and safety). A common unit of measurement is therefore required to
establish whether aggregate benefits for society outweigh aggregate costs. In a
CBA the common unit is money. Impacts are evaluated if possible on the basis of
prices observed in the market, with certain necessary adjustments. Nonetheless,
some impacts that cannot be valued in money (intangibles) remain in principle
outside the quantitative analysis.
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From a society point of view a CBA is conducted in terms of resource costs, i.e.,
the real net costs to society of the impacts it has. This means that transfer
payments (such as taxes and subsidies). are excluded since they do not
correspond to net impacts on society as a whole .

2.Financial CBA / Business case (‘only financial effects)

A CBA from a private point of view is called a financial CBA or business case. In a
financial CBA the key question is whether the financial benefits of a project
outweigh the costs. In other words in a financial CBA one tries to identify if a
project is profitable to an investor. In general the techniques used in a socio-
economic and financial CBA are the same. The differences arise is in the number
and type of impacts that are taken into account. Generally, project effects without
a market price (for example the effects on noise, pollution, safety) are not
included in the analysis.

For the Amitran project the CBA methodology to be used will be a CBA from a
socio-economic point of view. No further attention will therefore be given to the
financial CBA.

Limitations of CBA

While CBA is a useful tool in project appraisal, it is not without limitations. For
instance, if not all effects are known in monetary terms, or if policy-makers place
high weight on non-efficiency criteria such as self-reliance, gender, institutional
development and human rights, CBA is limited.

In a CBA equity issues are not addressed: the methodology is indifferent as to
who benefits from a project and who faces the costs. An euro accruing to a
wealthy company or to a poor farmer have an equal weight. As long as total
benefits outweigh total costs, the result of the CBA is positive. This limitation in
the outcome of the CBA can be overcome by identifying the stakeholders in the
project and to not only identify the total costs and benefits but also to link these
costs and benefits to the relevant stakeholders.

Contribution of CBA to Amitran

Using CBA within the Amitran framework provides concrete, unified results for the
socio-economic impacts of ITS projects/measures in transport. It forms a
comprehensive and unified approach to estimate the costs and benefits of
different ITS projects/measures with a consistent use of parameters, assumptions,
etc.. The approach makes use of scientific and transparent methodologies and
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state-of-the-art information to generate the results. The Amitran framework
applies CBA as the most prominent economic assessment tool to prove the
profitability of an ITS project/measure on society level.

2.2 What is CEA?

Aim of CEA

CEA is used to estimate the costs and effects of various public and/or private
interventions in order to find the best optimized activity, process or intervention
that minimizes resources used to achieve a pre-defined objective. For example in
case of CO; reduction the EUR per tonne of CO, emissions reduced. It results in a
ranking of alternatives regarding cost-effectiveness.

CEA is therefore only applicable if several project alternatives are available and is
most useful if a choice needs to be made between several alternatives that
achieve a given objective at different (economic) costs.

In a CEA costs are known in monetary terms, whereas effects are in general in
physical term (e.g. tonnes of CO, emissions). A CEA presents the costs to society
per unit of effectiveness from the perspective of the specific policy goal. In Table
2 an example of a CEA is given. A project’s cost - effectiveness ratio is obtained
by dividing costs by ‘unit of effectiveness’:

Cost-Effectiveness Ratio
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Example outcome CEA
There are three ITS projects, A, B and C. The characteristics of the projects are listed in
the table below.

Characteristics A B C
Costs (mln Euro) 3 1 2
Decrease in CO, emissions (tonnes) 500 100 250
Decrease in number of death 15 8 10
Decrease in travel times (hours) 1000 2000 100

If we want to know the most cost-effective ITS project with regard to decreasing the CO,
emissions we can divide the total costs with the total decrease in CO, emissions resulting
in the following Cost-effectiveness ratio for decreasing CO, emissions:

. . O gl »o

Project A: 77 TAm 38 euro/tonnes CO,
. . Ol g »o

Project B: —7T7 TAmE 8 euro/tonnes CO,
. . Om g »o

Project C: —7T7 TAmE 8 euro/tonnes CO,

The costs to achieve a decrease in one tonne of CO, are the lowest in project A and
amount to € 6.000 per tonne CO,.

Table 2 Example outcome CEA

Limitations of CEA

CEA need not be a stand-alone tool for decision support. In fact, one of the
drawbacks of a CEA is that the objective — the effectiveness term —is defined in
one single dimension only. If different policy options differ in their performance
towards secondary objectives — e.g., if a climate policy option creates co-benefits
in terms of local air quality and health — these differences would not be
considered in a CEA.

CEA does not tell whether benefits outweigh costs, and hence if the preferred
option is of net benefit to the society. Furthermore CEA is only applicable if
several project alternatives are available. CEA provides a ranking of alternatives
rather than a recommendation whether or not to approve a project.

CEA cannot be used to find or compare alternative projects that could achieve
greater net social benefits by targeting different outcomes. Therefore this method
should generally only be used where the decision to target a specific outcome
has already been agreed upon by decision-makers. If a project aims at different
targets a CBA is more preferable as all impacts are part of a CBA.
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2.3

Contribution of CEA to Amitran

Using CEA within the Amitran framework provides a straightforward and simple
methodology to rank ITS projects/measures on their main effect: the reduction in
CO, (or other type of) emissions. By using the CEA methodology the most cost-
effective project/measure with regard to decreasing the CO, (or other type of)
emissions can be identified.

Differences between a CBA and a CEA

A CEA differs from a CBA. A CEA does not require monetisation of all costs and
benefits. Besides it focuses on the main impacts, not at all impacts like a CBA. As
a result a CEA is less data-demanding and more practical if time and funds for
appraisal are limited. CEA does not recommend whether or not to approve a ITS
project, since an overall decision rule (benefits outweigh costs) is lacking. The CEA
outcome is more modest, namely a ranking of alternatives regarding cost-
effectiveness. In contrast to a CBA, the availability of several project alternatives is
necessary to apply CEA. CEA is therefore most useful if a choice needs to be
made between several alternatives that achieve a given objective at different
costs.

The advantage of a CBA is that by monetising all the benefits and costs of a
project, it is possible to compare and/or aggregate many different categories of
benefits with one another and with the costs of the policy. As a result a CBA can
answer the question whether the policy or project is justified, in the sense that its
social benefits exceed its costs. CBA results in an unequivocal recommendation
about whether an ITS project should be selected or rejected from a national
(efficiency) point of view.

In Table 3 a summarizing overview of the main differences between a CBA and

CEA is given.
CBA CEA
Basic question to be Is the project or program a | Which program or
answered sound investment? Do the intervention provides the
benefits of the project most effectiveness (on a
countervail the costs? single criterion measure) at
the lowest cost?
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CBA

CEA

Type of information
provided

Purpose of the tool

Type of data needed

Efficiency of a project (i.e.
whether or not a sound
investment) from a national

perspective

To determine which project
has the highest net benefit
and/or to determine if a
project is profitable for
society as a whole.

All costs and benefits have
to be assessed in monetary
terms

Ranking of alternatives in
terms of benefits per unit of
costs

To identify the most
cost—effective
policy/project (based on the
primarily aim of project. By
so it is one-dimensional
compared to a CBA)

While costs are generally
monetized, benefits may be
estimated in physical terms

Time and data needed

Relative more time
consuming and more data
needed, compared to a CEA

Relative less time
consuming and data
needed, compared to a
CBA.

Impacts taken into account

All impacts

One specific impact

Several alternatives needed

in the analysis

No, this is not needed. The
outcome of a CBA is a
conclusion on whether or
not the project is a sound
investment. This can be the
conclusion for different
alternatives but also for one

alternative.

Yes, the analysis is only
useful if you can compare
one alternative with
another alternative. The
cost-effectiveness result of
‘only’ one alternative

doesn’'t mean anything.

Table 3

Main differences between a CBA and CEA

An appropriate strategy in appraisal studies of large ITS projects may be to apply

economic CEA at an early stage, and economic CBA after a period of further data

collection. In the early stage CEA can then be applied to rank different

technologies in terms of the costs per for example decrease in CO,. The

consequent impacts of the technology on traffic (congestion, number of trips,

etc.) can be estimated in a second phase, allowing a comprehensive CBA to be

carried out.

In general it should be taken into account that the value of both methodologies

depends on the accuracy of the individual cost and benefit estimates. The more

unsure the estimates, the bigger is the uncertainty / bandwidth of the expected

outcomes. In the following chapters the different steps for both evaluation

methodologies are described in more detail.
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3.Steps in Cost Benefit Analysis

3.1 Introduction

This chapter describes in detail a series of steps to be undertaken in a CBA. These
steps are depicted in Figure 3.

1. Identification of main
project effects

2. Calculation of costs

3. Determine direct effects

4, Determine external
effects

5. Balance costs & beneftis

6. Sensitivity analysis

Figure 3 Steps in a Cost Benefit Analysis

The necessary steps are described in detail hereafter, focussing on the type of
projects that fall within the Amitran scope. As stressed in chapter 1 the
description focuses on persons with little or no knowledge of CBA's. This means
that much attention is paid to the type of information that is required and the
activities to be carried out. By carrying out the mentioned steps one should be
able to produce a quick scan CBA. A quick scan as it focusses on the main costs
and benefits of a project based on general, easy-to-use guidelines for the
determination of these impacts. Due to this the results may have a bigger
uncertainty than in an exhaustive CBA carried out by a specific CBA-expert. But it
gives a good first indication on whether or not it is a feasible project, and on the
ranking of different project alternatives. However, later on in the process a more
detailed CBA may be necessary.
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3.2 Step 1: Identification of the main project effects

The first step (as illustrated in Figure 4) in the CBA of the AMITRAN
methodological framework consists of the identification of the main costs and
benefits of the project. These can be identified on the basis of incremental
analysis, focusing on differences between the situations with and without the
project.

1. Identification of main
project effects

2. Calculation of costs

3. Determine direct effects

4. Determine external
effects

5. Balance costs & beneftis

6. Sensitivity analysis

Figure 4 Step 1: Identification of the main project effects

To determine the project effects five substeps are required:

1. Identification of the project;

Specification of the business as usual-scenario;
Description of the project (alternatives);
Identification of the project effects;
Determination of basic principles for CBA.

s wN

1. Identification of the project
First of all the project should be identified. This means an assessment and (short)
description of what the project is all about. The following type of questions
should be answered;

e What is the reasoning behind the project?

e What is the aim of the project?

e What problems should be solved by the project?

e Why is it needed? What is the gap between the current situation and an

‘ideal type' desired situation?

This helps in structuring the mind and gives a starting point for possible project
alternatives. After all, the policy options (see hereafter) should address the issues
mentioned. For example, the ITS-applications in Amitran are no aim in
themselves, but are a way to for example improve accessibility of cities and to
reduce CO, emissions. Therefore the Amitran methodology classifies ITS systems

D6.4: Economic Analysis Guidelines (UNAPPROVED DRAFT, 2014-07-30)

22



in accordance to the significance of their impact on CO, emissions as well as the
impact they have on transport processes. ITS systems are classified in six system
categories:

¢ Navigation and Travel Information

e Traffic Management and Control

e Demand and Access Management

e Driver Behaviour and Eco-Driving

e Logistics and Fleet Management

e Safety and Emergency Systems

This classification is described in detail in the Amitran Deliverable D3.1 and is
used for choosing the appropriate configuration of tools to assess the impact of
the project on transport processes.

2. Identification of the business as usual-scenario

In a CBA (and also in a CEA) the project effects are the difference between what
the situation in the study area would be with and without the project. So when a
project is being evaluated the analysis must estimate not only what the situation
would be with the project but also what it would be without the project. This is
so-called Business as Usual scenario (BAU situation) / or the base case / or the
situation without the project.

This scenario is not the same as the current situation! It is the most likely scenario
to occur without the project. So for example, envisaged policy (for example the
planned construction of new roads) should be taken into account in the ‘without
project’ situation. Note that the with-and-without comparison is not the same as
a before-and-after comparison.

In this substep this situation without the project should be specified. Point of the
departure is the present situation. Subsequently one should consider whether
(planned) developments are expected to take place that may already solve the
problem to some extent or does the opposite. For example, a congested road
may get more congested due the widening of new roads in its surroundings that
may increase the bottleneck. But the realisation of new roads in its surroundings
may ease the problem already somewhat.

One should, if possible, also make assumptions what would happen if the project
is not implemented. For example it could be that if the project won't be realised
some small investments will be done to ease the problem somewhat. If known

these projects (and their effects) should be taken into account in the business as
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usual- (or without)-scenario. Two examples of project identification and the
identification of the business-as-usual scenario are given in the table below.

Examples of project identification and the identification of the business-as-usual
scenario

Example 1:

Project identification: improving of travel time information for bus and train passengers
to increase the attractivity of public transport.

Project to be evaluated: the implementation of a public transport telematics system
incorporating real-time travel time information; expected time of arrival and expected
time of departure at stops. Implementation in a specific bus line and tram line as test
cases for the new system

Situation with project: One specific bus and tram line with 'high tech’ telematics with
real-time information on expected time of departure and arrival at different stops.

Situation without the project: The operation of these two transit lines without the pilot
Intelligent Transportation System. Compared with the situation with the project,
passengers have less knowledge about expected times of departure and arrival.

Example 2:

Project identification: improvement of information on expected red traffic lights on the
road to reduce fuel-use and consequently emissions of car traffic in cities

Project to be evaluated: The implementation of a system designed to assist drivers to
adapt their behaviour when approaching an intersection by showing information on
whether or not to expect a red traffic light.

Situation without the project: Irrespective of this project the government will tune
traffic lights at intersections in the coming years, resulting in an improved traffic
circulation compared to the current situation.

Situation with project: introduction of the system that will assist drivers to adapt their
behaviour when approaching an intersection as well as the tuning of traffic lights by the
government. The fact that the government will tune traffic lights in the near future is
taken into account. So, the project will result in another improvement but this is
somewhat restricted due to the improvements that are made in the base-case situation.

Table 4 Examples of project identification and the identification of the business-
as-usual scenario

3. Description of the project (alternatives)

Subsequently the project (alternatives) should be described in detail and should
include all the actions necessary to make it work. So if a new technology only
works if users buy a certain device, these costs for users should be taken into
account and not only the costs needed to develop the technology itself.
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Also attention has to be paid to the time path: when is the alternative
implemented? Until when is the alternative considered (life time)? A fair
comparison of the project case(s) and the base case requires that they are
analysed over equivalent time frames. The time period starts when the first
project expenditures are made and finishes when the lifetime of the most long-
lived alternative is reached.

4. Identification of the project effects

The next step is to identify the project effects. The types of project effects
examined depend on the ITS classification, as earlier explained. The Amitran
methodology is drawing from the project classifications in Deliverable D3.1 to
conclude on the transport factors and parameters directly or indirectly affected
by the project, and in D4.1 builds the methodological framework to assesses the
impacts on the environment and traffic flows (as a necessary by-product) of each
ITS category.

The next figure shows the identification of the magnitude of project effects. They
can be identified on the basis of incremental analysis, focusing on differences
between the situation with and without the project. That is, only project-specific
effects are considered in a CBA. In any analysis, effort should be concentrated on
estimating and valuing the benefits and costs that are largest and that differ the
most between projects.

Current
situation

2020 without

project

2020 with
project

Projecteffect

Figure 5 Project specific effect

The project-specific effects, as well costs and benefits, are discussed in detail in
the next sections but concern:

e Investment costs

e Operating and maintenance costs

e Travel time effects

e Travel cost effects

e Effects on CO, and other emissions

e Safety effects
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Direct, indirect and external effects

In general, in CBAs three types of effects are distinguished.
Direct effects

Indirect / Wider economic effects

External effects

The main objective of Amitran is to reduce CO,-impacts of traffic and transport by
application of ICT-measures. So projects within Amitran will also have other effects
beyond the impacts on CO; emissions, for example on traffic and transport time and
costs. These effects on "the transport market’ (for example shorter travel times) are direct
effects of the measures. There may also be impacts outside the transport market, for
example on other markets like the labour market. These effects are the so-called indirect /
wider economic effect. Finally, external effects (positive or negative) that impact parties
beyond the direct users of the project who are not compensated for baring these effects.
A typical example of external effects are the environmental impacts (impacts on noise,
emissions etc) that effect parties that do not benefit directly from the project.

This guideline focusses on the most important direct and external effects. Not only are
this the main effects of the projects. Indirect effects are very difficult to quantify and in
general these impacts are relatively small; approximately a maximum of 30% of the direct
effects. As a consequence these effects are not taken into account into this guideline. In a
detailed CBA these impacts could be assessed as well.

Table 5 Direct, indirect and external effects

5. Determination of basic principles for CBA.
Finally in this step the basic principles for the CBA should be determined. This

means amongst others:

e The time horizon for a CBA is the runtime of a project, for example 10 or
20 years. If the project has an indefinite time horizon it makes sense to
apply a practical time horizon of 100 years in the calculations. In general
the impacts after 100 years do only have a marginal effect on the total
outcomes of a CBA.

e The choice of the height of the discount rate. The discount rate represents
the costs associated with diverting investment resources from alternative
investments or from consumption®. This discounting reflects the time

value of money. Benefits and costs are worth more if they are experienced

1 . .
An euro that one receives in year t, does not have the same value as a euro that

one already possesses. After all, a euro that one already has in possession can be put out
against interest, and will have increased after this year t. To be precise, one euro is worth
after year t at an interest rate of r an amount of (1+n)" euro. To determine the present
value of future costs and benefits, these costs and benefits have to be discounted with
the relevant discount factor. The same procedure is valid for the valuation of costs and
benefits of a project.
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sooner. The higher the discount rate, the lower is the present value of
future cash flows. Hence the value of the discount factor reflects the
preference of society for today’s income versus income later in time. In
European countries there is a large variation in the prescriptions for the
use of the discount rate. For the 2007-2013 period, the European
Commission has suggested using two benchmark social discount rates:
5.5% for the Cohesion countries and 3.5% for the others®.

e The scope of the CBA. A CBA can be set-up at city level, regional level,
national level or EU-level, depending on the scope of the measures and
the initiator of the project.

Please note that not all principles are project specific. Some basic principles are
‘fixed":
e Costs and benefits are to be expressed in constant euro’s (euro’'s of
today). This means that inflation is not taken into account.

e Effects in a CBA, as well all costs and benefits, should be excluded from
value-added tax.

Ex ante, intermediate or ex post evaluation

The CEA method can be used ex ante, intermediate or ex post (ec.europa.eu).

During an ex ante application the CEA models or forecasts the most probable results of
future measures with simulation techniques and statistical data under laboratory
conditions (with a model). In case of small investment projects or the absence of detailed
statistical data it might be better not to use a model, but to perform a ‘quick scan ex ante

analysis’. The CEA determines the most cost-effective way of achieving an objective.

Intermediate monitoring can be useful for ensuring the collection of sufficient data at

the end of the project.

In an ex post evaluation the CEA requires the collection of data on real costs and reliable
real world outcomes by using empirical techniques. This often requires setting up a
monitoring system in advance that also provides a benchmark of results prior to the
implementation of a measure. The ex post evaluation addresses the question whether an
objective has been achieved by the implemented measures in the most cost-effective

way.

2 Source: Guide to cost benefit analysis of investment projects, European

Commission, Directorate General Regional Policy, 2008.
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3.3

The ex post results can be compared to the ex ante assessment to determine to what
extent the real results match with the predicted results. This comparison provides insight
in both the usefulness as the limitations of an ex ante analysis as tool in the decision
making process. However, ex ante CEA’s occur more often than ex post CEA’s (Eureval-
C3E, 2006). The reason for this might be that it is easier to estimate future effects than to
measure actual effects.

Table 6 Ex ante, intermediate or ex post evaluation

Step 2: Calculation of the costs of the project

The second step as illustrated in Figure 6 concerns calculation of the project
costs.

1. Identification of main
project effects

2. Calculation of costs

3. Determine direct effects

4. Determine external
effects

5. Balance costs & beneftis

6. Sensitivity analysis

Figure 6 Step 2: Calculation of the costs of the project

The main costs that need to be taken into account comprise the following:

1. Investment costs,
2. Operating and maintenance costs,
3. Overview of all costs in time

l.Investment costs

Investment costs refer to all fixed investments as well as other costs during
preparation and start-up phases. Investments in fixed assets are those which have
a lifetime of several years and are (mostly) based on outcomes of technical design
and appraisal. Main categories include:

e Land costs

¢ Buildings and installation/construction costs (e.g., infrastructure such as a
control room for data management of ITS systems)

e Machinery (e.g., IT infrastructure such as sensors)

e IT Equipment (e.g., vehicle equipment, databases)
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e Expenditures of consumers on IT-equipment (e.g. the costs for installation
of the system in specific car).
e Etc

Secondly, investment costs comprise a wide range of other costs during the
preparation and start-up phases, such as:
e Management, technical assistance and feasibility studies;
e Research and development
e Training personnel staff, for example, in using and operating the
equipment

Investment costs generally occur during a limited period prior to the start of the
project. But these costs can also occur after introduction. For example if a new
technique is introduced that gradually penetrates the market.

If the assets (e.g. IT equipment) have a shorter lifetime than the project itself,
replacement investments should also be scheduled.

Please note that depreciation costs should not be included in the investment
costs; instead future expenditures for replacement are used in a CBA to take

account of these costs.

2. Operating and maintenance costs
Operating and maintenance costs accrue due to the day-to-day running of the
project and the operation of systems and services. Typical operating and
maintenance costs include:
e Energy costs (e.g., electrical power necessary for operation of systems)
e Repairs and maintenance costs (e.g. costs associated with regular
maintenance and repairing equipment as/when it breaks down)
e Wages/salaries (i.e, personnel costs)
e Overheads (e.g., additional payments of rent for operational space; office
supplies and administrative costs such as hiring an accountant)

3. Overview of all costs in time

For all types of costs it must be identified in what year of the project they will
occur. For investment costs this will be in the beginning of the project,
replacement costs will be made after a x number of years, small maintenance
costs will occur every year of the project and big maintenance will occur every x

years.
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3.4

The result is an overview of all costs in time. Table 7 gives an example of such an

overview.

Example of costs of a project in time

In order to reduce congestion in the rush hours the government wants to introduce
congestion charging. This means people have to pay when they use their car between
7.00 and 9.00 hours and between 16.00 and 18.00 hours. This is done by using an
(obligatory) device that has to be installed in the car by each car owner. It is expected
that will result in less people using the car resulting in less emissions.

The costs of such a project could look like this:

Costs (*1 min €) 0 1 2 3 4 5 6 7 8 9 10 11

Investments 1500

Replacement cost 10 10

Small maintenance 50 50 50 50 50 50 50 50 50 50 50
costs

Big maintenance 100
costs

Total 1500 50 50 50 50 60 50 50 50 50 160 50

The investment costs comprise both the costs for the government and the car owners.
These costs are made at the beginning of the project. Due to the technical life-time, the
in-car devices have to be replaced after 5 years resulting in replacement costs in year 5
and 10. To keep the project running (small) maintenance has to take place every year.
Every 10 years big maintenance has to take place.

Table 7 Example of costs of a project in time

Step 3: Quantification and monetisation of the direct effects

In step 3 (which is illustrated Figure 7) the direct effects on traffic and transport
are quantified and monetised and in step 4 the external effects.
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3. Determine direct effects

4. Determine external effects

1. Identification of main
project effects

2. Calculation of costs

5. Balance costs & beneftis

6. Sensitivity analysis

Figure 7 Step 3: Quantification and monetisation of the direct effects

Step 3 involves the following sub-steps:

1.

2.
3.
4

Identification of traffic and transport effects of ICT measures;
The quantification of these effects;

The uptake of these effects into a CBA;

The monetisation of these effects.

1.Identification of traffic and transport effects of ICT measures

The first step is to identify the traffic and transport effects of the ICT measures.

These effects are described in Deliverable D3.1 Methodology for classification of

ITS. There are different effects of the measures on the transport process. There

are for example effects on:

Infrastructure capacity

Transport costs

Availability of transport mode and means
Connection with other transport modes
Location choice

Trip generation

Destination choice

Long term (strategic) route planning (pre-trip)
Long term (strategic) mode planning (pre-trip)
Short term route planning (pre-trip)

Short term mode planning (pre-trip)

Choice of transport means

Load factor and occupancy

Departure time planning and choice

On-trip route choice

On-trip mode choice

Speed
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The first step is to identify these effects. For this the tables in section 4 in work
package 3.1 can be used as a starting point. These tables show that the effects on
the transport process differ for the different measures. ITS-measures on
navigation and traveller information have different impacts than measures on
traffic management and control, measures on demand and access management
etc. And also within a group of measures, the effects of specific measures on the
transport market will differ, see work package 3.1.

2.The quantification of these effects
The next step is to quantify the distinguished effects. Preferably a model is
applied to determine these effects and to calculate all effects. These models have
been discussed in the previous working packages (a.o. D5.1 Specifications of the
interfaces). Depending on the category of the ITS measure as well as the
geographical focus of the impact assessment; namely the need and level of
scaling up®, the Amitran framework defines the types and sequence of models
that need to be used as depicted in the Flowchart of the Amitran framework (see
deliverable D4.1). These models can be:

e A freight demand model

e A passenger demand model

e A macroscopic traffic simulation model

e A microscopic traffic simulation model

e An emission model

} Scaling up is a step needed before the CBA/CEA is done if your effects of a ICT

measure are estimated at a local level and you want to carry out the CBA at a country or
EU level
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Figure 8 Flowchart of Amitran framework

The result of this step is a quantitative overview of the effects on the transport
process. By comparing the results of the model run for the project (alternatives)
with the business as usual scenario the effects on traffic and transport can be
established. For example how many people will change their behaviour and in
what way.

3.Traffic and transport effects in the CBA

The next step is to determine the traffic and transport effects for the CBA. In a
CBA only the variations in the (so-called) surplus of consumers are included. All
the mentioned effects before are expressible by the following three categories of
effects. These are:

e Travel time changes;
e Travel cost changes (e.g. changes in vehicle operating costs like fuel use);
e Travel quality changes (e.g. changes in travel comfort, reliability).

In detailed CBAs all these effects are determined. However, this guide focusses on
the quantification and monetisation of travel time and travel cost changes. Time
benefits often represent by far the most relevant part of the benefits of transport
projects. The travel quality changes have not been taken into account hereafter.
These effects are also often difficult to quantify and to monetise, and they need
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very project specific inputs. However, if these are important impacts of the
projects it is recommended to include them at least qualitatively in the CBA-

overview.

Travel time changes
A project can in many ways influence travel times for example due to less
congestion, changes in route choice, changes in mode choice etc.

In a CBA the difference in travel time between a project (alternative) and the
base-case should be included.

When calculating these changes, it is needed to make a distinction between:
e Time changes for existing traffic / passengers: These are passengers that
as in the base case as well in the project use the same mode.
e Time changes for new traffic, e.g.

o Traffic / Passengers diverted from other modes: These are
passengers that change from one mode to another mode due to
the project (for example from car to public transport).

o Newly generated traffic / passengers: This concerns trips that were
not made in the base-case but are made due to the project.

This distinction is needed for the monetisation process later on.

For the existing and diverted / generated passengers the travel time changes
should be determined, as well positive as negative impacts. For existing traffic this
equals to the difference in travel time between the new and the business-as-usual
scenario. For the new users (diverted as well as generated traffic) are calculated
by the so-called ‘rule of half'. They receive half of the benefits for the existing
users, because they decide to change their behaviour due to the travel changes
for the alternative. .

Preferable these impacts result from the applied traffic model. If not possible a
more pragmatic approach using expert judgement or key figures could be
applied. An example of the calculation of travel time changes using a traffic
model can be found in Table 8 Another example in Table 9 shows the calculation
of travel time changes using a estimated guess approach.

All travel time impacts should be included:
e As well for the users of a specific measure....
e ..but also for other users of the transport system (if it does affect their
travel time).
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e ... or for uses of different modes (also here, if it does affect their travel
time).

It is finally also important to specify the extent of the travel time impacts for
different trip purposes and modes used. Also this distinction is needed for the
monetisation process later on. Trip purposes should be categorised as:

e Commuting trips;

e Business trips;

e Freight trips;

e Other trips, like shopping, leisure, education etc.

In practice one often has to tailor the information available to determine travel
time effects. The textboxes below show two examples of determining the travel
time changes:

e A’sophisticated’ approach building on the results of a traffic model.

e A more pragmatic approach if no model is available.
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Example A: Calculation of travel time changes building on the results of a traffic model

The project: The introduction of a traffic management and control relieves road congestion on

an urban ring road. Due to less road congestion existing traffic benefits from shorter travel

times between zone 1 and zone 2. Travel times decrease by 10 minutes. The improved traffic

flow also results in 40 persons to change from public transport to cars, as travelling by car

becomes more attractive due to the reduced travel times.

The matrices below show for the base-case scenario the number of trips and the travel times

(in minutes) between both zones. For example: 25 car users travel from zone 2 to zone 1, and
have an average travel time of 40 minutes.

Car users Public transport users
Trips Zonel | Zone?2 Trips Zonel | Zone 2
Zonel | 500 100 Zonel | 300 50
Zone 2 | 25 300 Zone 2 | 50 200
Time Zonel | Zone?2 Time Zonel | Zone 2
Zonel | 20 30 Zonel |30 40
Zone 2 | 40 15 Zone 2 | 50 25

The matrices below show the same information for the project.

Car users Public transport users
Trips Zonel | Zone?2 Trips Zonel | Zone 2
Zonel | 500 110 Zonel | 300 40
Zone 2 | 35 300 Zone 2 | 40 200
Time Zonel | Zone?2 Time Zonel | Zone 2
Zonel | 20 20 Zonel | 30 40
Zone 2 | 30 15 Zone 2 | 50 25

On the basis of both matrices the travel time gains can be calculated for existing as well for
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new trips:

For existing trips:
e 25 car users travelling from zone 1 to zone 2 have a travel time gain of 10 minutes
e 100 car users travelling from zone 2 to zone 1 have a travel time gain of 10 minutes
e This results in (250+1000=)1.250 minutes less travel time for car users.

For new trips:

e 10 public transport users travelling from zone 1 to zone 2 change to the car due to a
decrease of travel times of 10 minutes for car users on this O/D-relation. Due to the
reduced travel times they change their behaviour.

e Also 10 public transport users travelling from zone 2 to zone 1 change to the car due to
a decrease of travel times of 10 minutes for car users on this O/D-relation

e This results in (100+100=)200 minutes travel time gains for former public transport

users.

These quantified travel time gains are input for the monetisation of these impacts hereafter.

Table 10 Example A: Calculation of travel time changes building on the
results of a traffic model

Example B: Calculation of travel time changes in an ‘estimated guess’
approach

The project: The introduction of a traffic management and control relieves road
congestion on an urban ring road. Due to the project, traffic times decrease by 10
minutes for the traffic on the ring road.

This is the same kind of project as in example A. However, in example A the
applied traffic model shows at a detailed level (for each origin/destination
relation) how trips and travel times change, and in this example this information
is not available. If so, an estimation should be made of the number of trips that
benefits from the project. In general it is known how many cars use a specific
road or this could be reasonably estimated.

So if one knows that in general 100 cars use a specific road, the total travel time
gains are (100 x 10=) 1.000 minutes daily.

Table 11 Example B: Calculation of travel time changes in an 'estimated
guess' approach
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Monetisation of travel time effects

The resulting travel time gains can be multiplied with the Value of Travel Time
Savings (VTTS) units to monetise them. An example of the monetisation of travel
time changes can be found in Table 13.

First of all it is important hereby to distinguish between travel time effects per
mode and per trip purpose, as values differ between modes and trip purpose.

In the table below the average EU-27 VTTS values per mode of transport and trip
purpose are displayed. The values are from HEATCO (Bickel, et al., 2004) with base
year 2002, adjusted for inflation and extrapolated to 2020. We have attributed the
same VTTS for users of buses and slow modes, as suggested in the Victorian
Transport Institute CBA guidelines (Litman & Doherty, 2011).

Country Commute Business

Bus/Slow- | Car /train | Bus/Slow | Car /train | Bus/Slow | Car /train

modes modes modes
EU 27 8,68 12,07 27,19 33,89 7,27 10,12
Table 12 Estimated VTTS-values —passenger trips (€2020 nominal per passenger

per hour)

As mentioned previously, the travel time impacts on existing and on new trips
(newly generated trips including modal shift) has to be explicitly distinguished.
Based on the supply and demand equilibrium theory, benefits on newly
generated trips should be valued as yielding half the benefit of what is calculated
when considering benefits for already existing trips. This is a practical rule usually
referred to as the “rule of half".

Example: Monetisation of travel time changes
In the previous example (example A) the following travel time effects resulted:
e For existing trips: 1.250 minutes less travel time for car users

e For new trips: 200 minutes travel time gains for former public transport users

These effects could be multiplied with the figures above to monetise these effects.
Assuming these are all commuter trips the following figures result:

e For existing trips: 1.250/60 x € 12,07 = € 251 travel time gains

e For new trips: 200/60 x € 12,074 x 0,5 ('rule-of-half' )= € 20 travel time gains

N In general travel time gains of new traffic are multiplied with the VTTS of the new

model
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The total travel time gains sum up to € 271 gains daily. Based on the number of (working)
days annually the total annual travel time gains can be determined.

Table 13 Monetisation of travel time changes

Travel cost changes

The travel cost changes concern the effects on the variable travel costs of trips
due to a specific measure. These are the costs related to a specific trip or vehicle-
kilometer, for example the costs of fuel of maintenance etc.

The focus is on variable costs, because the fixed costs of transport (for example
the costs of possessing a car like insurance costs) do normally not change due to
an ICT-measure. For an example due to a measure it can become more attractive
to work from home. This may result in a situation that one decides to work one
day from home every week. This may result in less trips (= less vehicle kilometres
= less fuel costs) made but the fixed costs of transport due to not change.

These costs have to be calculated in the same way as the travel time changes
mentioned before. These costs can be determined by multiplying the change in
vehicle kilometres with figures on the variable costs of trips for existing users. For
new users (diverted of generated traffic) the rule-of-half should be applied.

Normally the effect of vehicle kilometres is one of the results of a traffic
simulation or transport model. So these results could be applied. If not, an
estimated guess could be made about the expected effects on the total amount
of vehicles.

It is desirable to distinguish between the effects on the vehicle kilometres on
passenger cars, vans and trucks, as in general variable costs strongly differ
between vehicle types. In general, transport models are able to split up vehicle-
kilometre at least between passenger and truck kilometres.

The difference in vehicle kilometres in het project (alternative) compared to the
business-as-usual scenario should subsequently be specified with the relevant
variable costs. These are costs excluded from VAT and (eventually specific) levies.

These costs may be hard to find. They also differ a lot between different taxation
levels on fuel between European countries. In general the fuel costs are the most
dominant variable costs. If not available, it is suggested to use an average fuel
price, corrected for taxes and estimate the average fuel use for a specific vehicle
(for example 15 kilometres on 1 litre of fuel).
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So for example:
e a project reduces the number of vehicle kilometres for existing traffic by
1,000;
e the fuel price with taxes equals € 1,60 per litre including € 0,70 of taxes;
e the average fuel use is 1 litre per 15 kilometres.

This means a benefit of 1,000 x ((€ 1,60 - € 0,70)) / 15 = € 6.

3.5 Step 4: Quantification and monetisation of the external
effects

The focus of Amitran is on ICT measures for traffic and transport that reduce
energy efficiency and CO, emissions. This means that there are impacts on
emissions but there might also be impacts on other externalities like safety and

noise.

The approach to establish these external impacts is:
1. Identification of the external impacts;
2. Quantification of the external impact;
3. Monetisation of the external impacts.

1. The identification of the external impacts

The first step is to identify the external impacts. As described before this can be
done by comparing the base-case scenario with the project, and analyse whether
external impacts may be expected. These impacts can be identified by answering
questions like:

e What is the reasoning behind the project?

e What is the aim of the project?

e What problems should be solved by the project

e Why is its needed? What is the gap between the current situation and an
‘ideal type' desired situation?

Based on this the next steps can be undertaken. We describe these steps
hereafter for the impacts on emissions and safety.

2. Emissions: Quantification of the impacts
The ITS-measures in Amitran aim at reduced emissions of CO,, and other
emissions like SO,, NO,, PM, s, and PMy,.
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These are all effects to be included in a CBA. However, to include these figures
one should first make an estimation of the total change in emission (per type).

Preferably a specific model is used for this. The use of such a model would
provide the most accurate estimation of the expected impacts in kg of emissions
of CO,, SO, NO,, PM, 5 and PM,. In the previous working packages (see working
package 5.1 Specifications of interfaces) attention is paid to:

e Microscopic emission models

e Macroscopic emission models

On the basis of transport processes in the base-case and in the project these
models calculate (as good as possible) the total effects on emissions (in changes
in kg of CO; emissions).

If using an emission model is for some reason not possible, an alternative
approach is to derive the environmental impacts from the impact on mobility.
More specifically, the change in kilometres per transport mode can be used as a
source for the calculation of emissions. This can be done with the use of key
figures providing EU average external emission figures for air pollution. These
emission factors are then multiplied with the change in the total travelled
distance (in km) calculated for each mode.

The next table shows the average CO, emissions per passenger-kilometre.

Passenger Buses and Powered two-  Vans
cars coaches wheelers
2011 120,13 36,94 66,63 157,67
2020 113,97 31,22 56,86 146,15
Table 14 European CO2 emissions per passenger (gram per passenger kilometre)

in 2011 and 2020

Source: (European Environmental Agency, 2011)

Average mode-specific emissions per passenger-km for Europe as well as
predictions for their future evolution are also provided by the TREMOVE model
(Transport & Mobility Leuven, 2010). These values can be used to transform
impacts in passenger-km and ton-km to kg of CO,,NO,, SO, PM2 s, PMy,, and
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NMVOC emissions. An overview of the average mode-specific emissions per

passenger-km for Europe is given in the next table.

2020 PM, s PM;,
prediction (exhaust) (non-
exhaust)

gram/ gram/ 1000 | gram/ 1000 | gram/ 1000 | gram/ 1000| gram/

pkm or pkm or tkm | pkm or tkm | pkm or tkm | pkm or tkm| 1000 pkm

tkm or tkm
metro/tram - - - - - -
pass. Train 10,72 4,18 - 6,94 1,07 -
Bus 36,57 221,51 2,30 2,39 0,22 2,16
Car 119,74 103,90 4,23 3,44 0,75 24,40
HDV >32t 52,80 262,01 231 3,09 0,34 2,71
HDV 16-32t | 57,43 284,85 2,97 3,60 0,37 3,13
HDV 3.5- 163,26 741,84 24,24 11,80 1,04 14,67
7.5t
HDV 7.5- 112,69 537,93 9,34 7,59 0,72 8,05
16t
LDV 289,25 463,65 11,26 23,81 1,84 64,46
Moped 31,93 205,13 1,82 28,63 0,20 53,17
Motorcycle 85,35 213,11 3,64 11,45 0,54 18,10
Van 155,97 284,25 6,40 12,02 0,99 2,80
Airplane 15,34 67,27 - 0,00 0,00 5.39
freight train 7,82 3,05 - 5,07 0,78 -
inland ship 58,45 617,42 - 19,61 36,88 20,47

Table 15 Average emissions per pass-km per mode of transport (2020 forecast)

Source: TREMOVE model

3. Emissions: Monetisation on of the impacts

The related monetised impacts per emission-type are to be calculated by using

the following equation:

External emissions effects = total change in emission * cost of emission

When the total change in emissions is known, the monetisation of the emission

impact can be made. The table below shows recommended figures for the

referring to the life cycle from well-to-tank

6

When assessing the change in CO, emissions, the use of the European

These values refer to emission produced by the combustion of fuel and are not

Environmental Agency values are suggested. The TREMOVE values for CO, are provided in
case more disaggregation per transport mode is possible. Emissions from cycling and
walking are considered to be zero
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valuation of CO, emissions, varying per year, and for three scenarios. It is
proposed to use the mean values for the CBA, while the upper and lower scenario
estimations can be used in a potential sensitivity analysis as described later. An
example of the quantification of emissions is given in the next table.

Year of Lower value Mean value Upper value
application

2005 7 52 97

2015 11 66,5 122

2020* 13,5 73,75 135

2025 14 81 148

2035 15 76 137

2045 17 80 143

2055 27 111,5 196

Table 16 Central values (€/ton) of CO2, recommended in the IMPACT update
study

* Values for 2020 are derived from extrapolation of between the 2015 and 2025 values
Source: IMPACT update study, 2011

Example quantification and valuation of emissions

Assume that a project results in a decrease in the number of passenger kilometres per car
with 1 million pkm/year in the year 2020. This is assumed to result in a decrease of CO,
emissions of 1 min pkm *119,74 gr/pkm (see Error! Reference source not found.) =
19,74 tonnes of CO,.

Using a valuation of € 73,75 per ton (see Table 16) this results in a benefit in the year
2020 of € 8.831.

Table 17 Example quantification and valuation of emissions

The cost parameters to monetise the impact of other air pollutants can be found
in the next table, sometimes disaggregated for metropolitan (‘high density areas/
inner cities’), urban and non-urban areas, and for different European countries.
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Pollutant

PM,s Metro | 624 625 91 460 565 339 560 567 557 | 438 | 374 | 695 | 514 | 317 | 344 | 1135 627 | 322 | 360 | 64 380 | 470 | 458 | 566 | 599
Urban | 202 202 29 148 182 110 180 183 180 | 141 | 120 | 224 | 166 | 102 | 112 | 365 202 | 103 | 116 | 20 122 | 151 | 147 | 182 | 193
Non- 104 135 23 114 66 57 47 113 109 | 62 96 73 94 59 69 162 123 | 97 53 16 103 | 97 63 55 94
urban
PM10 | Metro | 250 250 36 184 226 135 224 227 223 | 175 | 150 | 278 | 206 | 127 | 138 | 454 251 | 129 | 144 | 25 152 | 188 | 183 | 226 | 240
Urban | 81 81 12 59 73 44 72 73 72 56 48 90 66 41 45 146 81 41 46 8 49 60 59 73 77
Non- | 42 54 9 46 27 23 19 45 43 25 38 29 37 24 28 65 49 39 21 6 41 39 25 22 37
urban
NOx 13,6 | 17,6 11,3 9,2 13,7 6,9 3,6 34 136 | 164 | 3,5 16,0 | 57 123 | 52 7.2 164 | 114 | 101 | 19 12,5 | 142 | 149 | 47 53
NMVOC 1,6 21 34 0,5 14 1.6 0,8 0,8 18 18 0,8 13 14 14 09 1,0 31 2,7 13 1,0 1,0 1,2 1.8 1.0 1.0
SO, 10 129 14,1 8,0 12,3 7.4 58 4,5 12,8 | 141 | 7,5 11,8 | 7,0 11,3 | 6,5 74 133 | 166 | 109 | 49 | 96 114 | 115 | 6,7 54
Table 18 Monetary valuation of emissions (in €/kg, 2020 figures)
Source: (CE Delft, Infras, & Fraunhofer ISI, 2011)
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4. Safety: Quantification and monetisation of the impacts
The deployment of the ITS-measures could have an impact on safety.

If so, for this effect calculations has to made on the number and severity of
accidents, and the resulting numbers of fatalities, severe injured and slight injured
persons.

Safety impacts should be derived either by:

1. Directly calculating the impact on the number and severity of accidents;
2. Indirectly, based on the impact on the mobility of road users.

In the first case, a model or a dedicated calculation could be applied to determine
these impacts. In case, the safety impact is provided in number of accidents, this
should be converted to the actual number of casualties per severity level by
applying relevant key factors (such as statistical figures on the average number of
fatalities per fatal accident)’.

Should the safety impact be derived through a change in mobility (as in a change
in passenger-km driven), then the safety impact can be calculated by multiplying
the amount of passenger-km changed with average EU27 or country figures on
fatalities and injuries per passenger-km as can be derived by the annual road
transport statistics on passenger-km and accidents (fatalities and injuries) per
mode (Nicodeme, Diamandouros, Diez, Durso, Brecx, & Metushi, 2012)%. A table
with key figures of road accidents and fatalities per passenger-km of car transport
can be found in Annex IIl - Fatalities and injuries from road accidents.

For the valuation of the safety impacts the figures in Table 19 can be applied
(figures based on the FP6 research project HEATCO). The different cost elements
that comprise the cost of accidents are summed up in the last row indicating the
price tag that can be attached to every type of incident (fatality, severe or light
injury) representing an average value for the whole of Europe.

’ Proposed key figures are 1,15 fatality per fatal crash and 1,36 injury per crash with

injury (ICF Consulting, 2003). Country specific key factors can be derived with the use of
the road safety statistics provided by the DACOTA project (Brandstaetter, 2012)

8 In this case it would not be possible to disaggregate between light and severe
accidents due to inconsistency of data available at a European level
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Fatality Severe Slight Injury

. Injuy
Value of life per se €2.103 € 283 €23
Loss of productivity € 740 €28 €32
Property damage €14 €55 €32
Medical costs €10 €17 €14
Administration costs’ €28 €05 €02
Total € 2.869,8 €334 €31

Table 19 Table of accident cost components per accident severity per 2020 (in
1000 €)

So one extra fatality ‘costs’ on average almost € 2.9 mlIn; one additional severe
injured € 0.3 mIn (and vice versa).

3.6 Step 5: Balancing the costs and the benefits

In step 5 (as illustrated in Figure 9) the costs and benefits are balanced and it will
be determined whether the costs outweigh the benefits.

1. Identification of main
project effects

2. Calculation of costs

3. Determine direct effects

4. Determine external
effects

5. Balance costs &
beneftis

6. Sensitivity analysis

Figure 9 Step 5: Balancing the costs and the benefits

Ideally the results of the CBA are presented in three ways :

1. Net Present Value
2. Benefit / Cost ratio
3. Internal Rate of Return

1.Net Present Value

The Net Present Value (NPV) shows the balance of the costs and benefits (i.e.
total benefits minus total costs). If the Net Present Value is positive, this means
that over the project life time the benefits are higher than the costs of a project.

Administration costs are the sum of insurance and police costs.
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This means that from of socio-economic point-of-view it is a sound project. An
example of a NPV calculation is given in Table 20.

Hence:
If NPV: >0, it is a sound project (the benefits countervail the costs)

<0, it is not a sound project (the benefits do not countervail the
costs)

To calculate the NPV:

First, the annual costs and benefits, as determined in the previous steps, have to
be discounted.

Secondly, the total sum of discounted costs should be deducted of the total sum
of discounted benefits.

The following equation is used for calculating the NPV:

B,-K, B,—-K B,-K
Net Present Value (NPV)= B, — K  + —=——2+—2—2+43 + 11—
1+r 1+r) (+r)
_ < Bt _Kt
t=0 (1+|')t

Where:

n is the project life in years;

B is the present value of benefits in year t;
K is the present value of costs in year t;

r is the applied discount rate.
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Example Net Present Value (NPV) calculation
The table below presents the cash flow for a hypothetical project with a four-year
lifetime. The question is whether this an economic sound project?

Year 0 1 2 3 4
Investments -500

Maintenance costs -50 -50 -50 -50
Benefits 200 200 200 250
Net cash flow -500 150 150 150 200

To obtain the NPV, all effects are discounted to year 0. The discount factor used to
obtain the present values is given in the next table, assuming a 10% interest rate.

Table ##: Calculation of present values

Year 0 1 2 3 4
Discount factor 1 0.909 0.826 0.751 0.683
Discounted investments -500

Discounted maintenance costs -46 -41 -37 -34
Discounted benefits 182 165 150 171
Discounted net cash flow -500 136 124 113 137

Cash flows are now comparable and the NPV can be determined as the sum of the
discounted cash flows:
NPV =-500 +136 +124 + 113 + 137

= +10

Although the margin is small, the NPV is positive and the project is financially profitable.

Table 20 Net Present Value (NPV) calculation

2. Benefit/Cost Ratio

The Benefit/Cost Ratio (BCR) divides the discounted benefits by the discounted
costs.

Benefit: Cost Ratio = Y B,/ > K;

Where B, is the present value of the cash inflows
K¢is the present value of the cash outflows

This implies that if the BCR is larger than 1, the discounted benefits are higher
than the discounted costs, and the project should be accepted:

If BCR : >1, it is a sound project (the benefits countervail the costs)
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<1, it is not a sound project (the benefits do not countervail the
costs)

The BCR from the previous example would be calculated as follows:

BCR = discounted benefits/discounted costs
= (182) +165 + 150 + 171)/(500 + 46 +41 +37 +34)
=1.02

The BCR is (marginally) positive, hence the project is (marginally) sound.

The Benefit/Cost Ratio does provide additional information to the NPV, by also
indicating the cost-effectiveness of a project. Imagine the following situation.
Alternative A has € 100 million of (discounted) benefits and € 60 million of
(discounted) costs. The means the NPV equals to € +40 million and the BCR
equals to 1.7. Alternative B has € 200 million of (discounted) benefits and € 140
million of (discounted) costs. The means the NPV equals to € +60 million and the
BCR equals to 1.4. This example shows that alternative B has a higher NPV (€ +10
million) but at the same is less cost-effective (1.4 compared tot 1.7).

3: Internal Rate of Return

Another measure often applied in CBA is the Internal Rate of Return (IRR). The IRR
is the discount rate that equates the present value of the benefits with the costs
associated with a project. The IRR, in other words, is the discount rate that
equates the NPV of an investment opportunity with zero.

S B -K _
= (L+)'

where ( is the Internal Rate of Return

The internal rate of return has to be higher than the applied discount rate.
Hence :

If IRR > the applied discount rate, it is a sound project (the benefits
countervail the costs).
< the applied discount rate, it is not a sound project (the benefits
do not countervail the costs)
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It can be calculated that the IRR in the above example is about 11%. The project
is economically sound, because the IRR exceeds the applied social discount rate
(10% in this example).

The IRR provides in this way the same type of information as the NPV although
somewhat different presented.

Comparing the different results of the CBA
In particular when more alternative options are analysed it makes sense to
calculate at least the NPV and the B/C ratio. This makes it possible to compare
the alternatives in different ways:
e Which alternative results in the biggest welfare gains (i.e. has the highest
NPV)?
e Which alternative is the most cost-effective (i.e. has the highest B/C ratio)?

It isn't that the NPV result is better that the B/C ratio (or vice versa). Both
outcomes show the results of a CBA, but in a different way. As mentioned before,
alternatives could rank different compared on NPV versus B/C ratio. In the end it
is then a political decision which outcome prefers based on which element is
emphasised the most.

3.7 Step 6: Sensitivity analyses

The sixth and final step (as illustrated in the next figure) is to carry out sensitivity
analyses. These additional analyses test and show the robustness of the main
analyses:
e Does a sound project result will be achieved if for example investment
costs are 10% higher, or benefits are 10% lower?
e Does the same ranking of the alternatives occur if costs are 10% higher, or
benefits are 10% lower?
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1. Identification of main
project effects

4. Determine external
effects

5. Balance costs & beneftis

6. Sensitivity analysis

2. Calculation of costs

3. Determine direct effects

Figure 10 Step 6: Sensitivity analysis

These are important analyses as in general the costs and the benefits have a

certain level of uncertainty. One does not know in advance the exact investments

necessary, the use that will be made of a new technique etc.

Assumptions regarding the physical size of costs and benefits, as well as prices

and timing should be reviewed systematically in this step. This can be done by

either:

A) Varying key parameters such as:

Travel time gains: significantly higher/lower than anticipated

Amount of people taking part in the project: significantly more/fewer than
anticipated

Value of time

Penetration rate of the new technique

Investment and maintenance costs

Economic growth rates: situations with very high versus very low

economic growth)

B) Carrying out a break even analysis that indicates the bandwidth of the CBA

outcomes, e.g.:

What are the maximum investment costs in order to have a positive CBA,
given the baseline assumptions on the effectiveness of the systems?

What is the minimum required effectiveness of the systems in order to
have a positive CBA, given the baseline costs of the systems?

For instance, it may be found that — starting from initial assumptions —a 10%

increase in investment costs would be needed to decrease the NPV from 234 to 0.

At the benefit side, a drop of 40% in the price of the final product would have the
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same result. Switching values provides information on the cost and benefit items
for which the overall result is most sensitive. An example of a sensivity analysis is
given in the table below.

Example of a sensitivity analysis

In the previous example box the following table has been presented showing how to
calculate the present values of future costs and benefits, resulting in a NPV of 10 and an
IRR of 11%:

Table ##: Calculation of present values

Year 0 1 2 3 4
Discount factor 1 0.909 0.826 0.751 0.683
Discounted investments -500

Discounted maintenance costs -46 -41 -37 -34
Discounted benefits 182 165 150 171
Discounted net cash flow -500 136 124 113 137

If we apply the switching value of sensitivity analysis to the example above the following
results are obtained:

Table ##: Example of switching value and of sensitivity analysis

Item Switching value Sensitivity then the and the
analysis IRR is... NPV is...
Assumption: if...

Investments 2% increase 20% higher 3% -82

costs

Maintenance 5% increase 10% higher 9% -6

costs

Benefits 2% decrease 5% lower 8% -22

Start-up phase | - 50% utilization of 5% -53
capacity during
year 1

The project in the example is shown to be a marginal project. Switching values are close
to initial assumptions. More drastic deviations from initial assumptions naturally imply a
switch from an economically sound to a non-economically sound project. This means
that this project should only be approved if initial assumptions seem very realistic and a
decision-maker is prepared to take risks.

Table 21 Example of a sensivity analysis
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4.Steps in Cost Effectiveness Analysis

4.1 Introduction

Comparable to the previous chapter, in this chapter in detail the steps are
described to undertaken in a Cost Effectiveness Analysis (CEA). These steps are'®:

Identification of the project objectives and effects;
Calculations of the costs;

Quantification of effects;

Calculation of the cost-effectiveness ratio;
Sensitivity analyses.

AL S

The necessary steps are described in detail hereafter, focussing on the type of
projects that within the Amitran projects. Similar to CBA, also this description
focusses on persons with little or no knowledge of CEA’s. This means that much
attention is paid to the type of information that is required and the activities to
be carried out. By carrying out the mentioned steps one should be able to
produce a quick-scan CEA. A quick scan as it focusses on easy-to-use guidelines
for the determination of the effects. Although a CEA requires less information and
is less complex than a CBA the results may still have some more uncertainty than
in an exhaustive CEA carried out by a specific CEA expert. But it gives a good
indication on the (expected) ranking of different project alternatives. However,
later on in the process a more detailed CEA may be necessary.

4.2 Step 1: Identification of the project objectives and
effects

The first step is the identification of the project objectives and effects as
illustrated in the next figure.

10

the CEA.

Please note that parts of these chapter are (for readability) similar to the steps for
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2. Calculation of costs

4. Calculation of the cost-

5. Sensitivity analysis

1. Identification
project objectives and

3. Quantification of
effects

effectiveness ratio

Figure 11 Step 1: Identification of the project objectives and effects

To determine the project effects five substeps are required:

vk W

Identification of the project goal

Specification of the business as usual scenario
Description of project(alternatives)
Concretising of the project goal
Determination of the basic principles for CEA

1.Identification of the project

Cost-effectiveness begins with a clear and single goal and a set of alternatives for

reaching that goal. Comparisons can be made only for alternatives that have

similar goals such as reduction in emissions or in fuel efficiency. A straightforward

cost-effectiveness analysis cannot compare options with different goals and

objectives.

First of all the main project goal should be identified. This means an assessment

and (short) description of what the project is all about. The following type of

questions should be answered;

What is the reasoning behind the project?

What is the aim of the project?

What problems should be solved by the project?

Why is its needed? What is the gap between the current situation and an
‘ideal type' desired situation?

This helps in structuring the mind and gives a starting point for possible project

alternatives. After all the policy options (see hereafter) should address the issues
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mentioned The aim of Amitran is to develop a framework for evaluation of the
effects of ICT measures in traffic and transport on energy efficiency and CO,
emissions. So most times, the (primarily) goal will be to reduce CO; emissions.

2. Identification of the business as usual-scenario

In a CEA (and also in a CBA) the project effects are the difference between what
the situation in the study area would be with and without the project. So when a
project is being evaluated the analysis must estimate not only what the situation
would be with the project but also what it would be without the project. This is
so-called Business as Usual scenario (BAU situation) / or the base case / or the
situation without the project.

This scenario is not the same as the current situation! It is the most likely scenario
to occur without the project. So for example, envisaged policy (for example the
planned construction of new roads) should be taken into account in the ‘without
project’ situation. Note that the with-and-without comparison is not the same as
a before-and-after comparison.

In this substep this situation without the project should be specified. Point of the
departure is the present situation. Subsequently one should consider whether
(planned) developments are expected to take place that may already solve the
problem to some extent or does the opposite. For example, a congested road
may get more congested due the widening of new roads in its surroundings that
may increase the bottleneck. But the realisation of new roads in its surroundings
may ease the problem already somewhat.

One should, if possible, also make assumptions what would happen if the project
is not implemented. For example it could be that if the project won't be realised
some small investments will be done to ease the problem somewhat. If known
these projects (and their effects) should be taken into account in the business as
usual- (or without)-scenario. Two examples of project identification and the
identification of the business-as-usual scenario are given in the table below.

Examples of project identification and the identification of the business-as-usual
scenario

Example 1:

Project identification: improving of travel time information for bus and train passengers
to increase the attractivity of public transport.

Project to be evaluated: the implementation of a public transport telematics system
incorporating real-time travel time information; expected time of arrival and expected
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time of departure at stops. Implementation in a specific bus line and tram line as test
cases for the new system

Situation with project: One specific bus and tram line with ‘high tech’ telematics with
real-time information on expected time of departure and arrival at different stops.

Situation without the project: The operation of these two transit lines without the pilot
Intelligent Transportation System. Compared with the situation with the project,
passengers have less knowledge about expected times of departure and arrival.

Example 2:

Project identification: improvement of information on expected red traffic lights on the
road to reduce fuel-use and by so consequently emissions of car traffic in cities

Project to be evaluated: The implementation of a system designed to assist drivers to
adapt their behaviour when approaching an intersection by showing information on
whether or not to expect a red traffic light.

Situation without the project: Irrespective of this project the government will tune
traffic lights at intersections in the coming years, resulting in an improved traffic
circulation compared to the current situation.

Situation with project: introduction of the system that will assist drivers to adapt their
behaviour when approaching an intersection as well as the tuning of traffic lights by the
government. The fact that the government will tune traffic lights in the near future is
taken into account. So, the project will result in another improvement but this is
somewhat restricted due to the improvements that are made in the base-case situation.

Table 22 Examples of project identification and the identification of the business-
as-usual scenario

3. Description of the project (alternatives)

Subsequently the project (alternatives) should be described in detail and should
include all the actions necessary to make it work. So if a new technology only
works if users buy a certain device, these costs for users should be taken into
account and not only the costs needed to develop the technology itself.

As discussed in chapter 2 always at least two project (alternatives) should be
distinguished, otherwise it is not possible to compare alternatives.

Also attention has to be paid to the time path: when is the alternative
implemented? Until when is the alternative considered (life time)? A fair
comparison of the project case(s) and the base case requires that they are
analysed over equivalent time frames. The time period starts when the first
project expenditures are made and finishes when the lifetime of the most long-
lived alternative is reached.
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4.Concretising of the project goal

Carrying out a CEA requires identifying the specific policy objective—e.g.
reducing pollution by personal cars to a socially optimal amount. It is important
that this goal is concretised to compare project alternatives and that the
objectives can be expressed in quantifiable units.

This objective can be defined both in terms of reduced impacts (reducing
pollution levels) or in terms of avoided impacts (maintaining a certain level of
environmental quality) (Gérlach, 2005). In most cases the objective is measured in
pressures, because it is more easy to measure.

These concretising of the project goals should be based on incremental analysis,
focusing on differences between the situation with and without the project. That
is, only project-specific effects are considered in a CEA (similar to a CBA). In any
analysis, effort should be concentrated on estimating and valuing the benefits
and costs that are largest and that differ the most between projects.

Current
situation

2020 without

project

2020 with
project

Projecteffect

Figure 12 Project specific effects

5.Determination of the basic principles for a CEA
Finally in this step the basic principles for the CEA should be determined. This
means amongst others:

e The time horizon for a CEA. For which year are the effects on the project
goal determined? For example, the next year, 2020, 2030 etc. Normally
this is the year in which the project goal should be reached. Another
option is to estimate the effects for the runtime of a project, for example
10 or 20 years and to calculate a present value. This is in particular useful
if it takes time for effects tot occur (for example effects gradually increase
for a long time). If so also the height of the discount rate should be
chosen.

¢ Quantification or monetisation of the project effects. One could chose to
quantify the project effects (for example; number of tonnes of CO,
reduced) but also to monetise the project effects (in this example;
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valuation of the number of tonnes of CO, reduced). Most times the
project effects are quantified, and not monetised, as it (most times) does
not create added value in also monetising the project effect.

e Determination of the scope of the CEA. A CEA can be set-up at city level,
regional level, national level or EU-level, depending on the scope of the
measures and the initiator of the project.

Ex ante, intermediate or ex post evaluation

The CEA method can be used ex ante, intermediate or ex post (ec.europa.eu,).

During an ex ante application the CEA models or forecasts the most probable results of
future measures with simulation techniques and statistical data under laboratory
conditions (with a model). In case of small investment projects or the absence of detailed
statistical data it might be better not to use a model, but to perform a ‘quick scan ex ante
analysis’. The CEA determines the most cost-effective way of achieving an objective.

Intermediate monitoring can be useful for ensuring the collection of sufficient data at
the end of the project.

In an ex post evaluation the CEA requires the collection of data on real costs and reliable
real world outcomes by using empirical techniques. This often requires setting up a
monitoring system in advance that also provides a benchmark of results prior to the
implementation of a measure. The ex post evaluation addresses the question whether an
objective has been achieved by the implemented measures in the most cost-effective
way.

The ex post results can be compared to the ex ante assessment to determine to what
extent the real results match with the predicted results. This comparison provides insight
in both the usefulness as the limitations of an ex ante analysis as tool in the decision
making process. However, ex ante CEA’s occur more often than ex post CEA’s (Eureval-
C3E, 2006). The reason for this might be that it is easier to estimate future effects than to
measure actual effects.

Table 23 Ex ante, intermediate or ex post evaluation

4.3 Step 2: Calculation of the costs

The second step (as illustrated in the figure below) concerns the calculation of

project costs.
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1. Identification project
objectives and effects

2. Calculation of costs

3. Quantification of
effects

4. Calculation of the
cost-effectiveness ratio

5. Sensitivity analysis

Figure 13 Step 2: Calculation of costs

The main costs that need to be taken into account comprise the following:

1. Investment costs,
2. Operating and maintenance costs,

l.Investment costs

The investments costs of the project alternatives need to be determined.
Investment costs refer to all fixed investments as well as other costs during
preparation and start-up phases. Investments in fixed assets are those which have
a lifetime of several years and are (mostly) based on outcomes of technical design

and appraisal. Main categories include:

e Land costs;

e Buildings and installation/construction costs (e.g., infrastructure such as a
control room for data management of ITS systems);

e Machinery (e.g., IT infrastructure such as sensors);

e IT Equipment (e.g., vehicle equipment, databases);

e Expenditures of consumers on IT-equipment (e.g. the costs for installation
of the system in specific car);

e E[Etc

Secondly, investment costs comprise a wide range of other costs during the
preparation and start-up phases, such as:

e Management, technical assistance and feasibility studies;

e Research and development;

e Training personnel staff, for example, in using and operating the

equipment.

D6.4: Economic Analysis Guidelines (UNAPPROVED DRAFT, 2014-07-30) 59



Investment costs generally occur during a limited period prior to the start of the
project. But these costs can also occur after introduction. For example if a new
technique is introduced that gradually penetrates the market.

If the assets (e.g. IT equipment) have a shorter lifetime than the project itself,
replacement investments should also be scheduled.

Please note that depreciation costs should not be included in the investment
costs; instead future expenditures for replacement are used in a CBA to take
account of these costs.

2. Operating and maintenance costs
Operating and maintenance costs accrue due to the day-to-day running of the
project and the operation of systems and services. Typical operating and
maintenance costs include:
e Energy costs (e.g., electrical power necessary for operation of systems)
e Repairs and maintenance costs (e.g. costs associated with regular
maintenance and repairing equipment as/when it breaks down)
e Wages/salaries (i.e, personnel costs)
e Overheads (e.g., additional payments of rent for operational space; office
supplies and administrative costs such as hiring an accountant)

3. Towards an overview of all costs in time

For all types of costs it must be identified in what year of the project they will
occur. For investment costs this will be in the beginning of the project,
replacement costs will be made after a x number of years, small maintenance
costs will occur every year of the project and big maintenance will occur every x
years.

The result is an overview of all costs in time. The next table shows an example of

such an overview.
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Example of costs of a project in time

In order to reduce congestion in the rush hours the government wants to introduce
congestion charging. This means people have to pay when they use their car between
7.00 and 9.00 hours and between 16.00 and 18.00 hours. This is done by using an
(obligatory) device that has to be installed in the car by each car owner. It is expected
that will result in less people using the car resulting in less emissions.

The costs of such a project could look like this:

Costs (*1 min O 1 2 3 4 5 6 7 8 9 10 11

euro)

Investments 1500

Replacement cost 10 10

Small maintenance 50 50 50 50 50 50 50 50 50 50 50
costs

Big  maintenance 100
costs

Total 1500 50 50 50 50 60 50 50 50 50 160 50

The investment costs comprise both the costs for the government and the car owners.
These costs are made at the beginning of the project. Due to the technical life-time, the
in-car devices have to be replaced after 5 years resulting in replacement costs in year 5
and 10. To keep the project running (small) maintenance has to take place every year.
Every 10 years big maintenance has to take place.

Table 24 Example of costs of a project in time
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4.4 Step 3: Quantification of effects

In step 3 (which is illustrated in the figure below) the effects, as part of the cost-
effectiveness analysis, can be estimated.

1. Identification
project objectives and
effects

2. Calculation of costs

3. Quantification of
effects

4. Calculation of the
cost-effectiveness ratio
5. Sensitivity analysis

Figure 14 Step 3: Quantification of effects

As the focus of Amitran is on ICT measures in traffic and transport that reduce
CO; emissions, the primarily goal of many measures will be a decrease of CO,-
emissions. This means that these effects have to be determined.

Preferably a specific model is used for this. The use of such a model would
provide the most accurate estimation of the expected impacts in kg of emissions
of CO,, SO, NO,, PM,5 and PMyy. In the previous working packages (see working
package 5.1 Specifications of interfaces) attention is paid to:

e Microscopic emission models;

e Macroscopic emission models.

On the basis of transport process in the base-case and in the project these
models calculate (as good as possible) the total effects on emissions (in changes
in kg of CO; emissions).

If an emission model is not available, an alternative approach is to derive the
environmental impacts from the impact on mobility is known. More specifically,
the change in kilometres per transport mode can be used as a source for the
calculation of emissions. This can be done with the use of key figures providing
EU average external emission figures for air pollution. These emission factors are
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then multiplied with the change in the total travelled distance (in km) calculated
for each mode.

The next table shows the average CO, emissions per passenger-kilometre.

Passenger Buses and Powered two-
cars coaches wheelers
2011 120,13 36,94 66,63 157,67
2020 113,97 31,22 56,86 146,15
Table 25 European CO2 emissions per passenger (gram per passenger kilometre)

in 2011 and 2020

Source: (European Environmental Agency, 2011)

Above focusses on projects with the primarily aim of reducing CO,. If other
effects are the primarily aim of course these effects should be determined. If it
concerns transport goals (for example; less car trips, additional use of public
transport) often a traffic simulation can be used to determine these effects. These
models have been discussed in the previous working packages (a.o. D5.1
Specifications of the interfaces).

4.5 Step 4: Calculation of the cost-effectiveness ratio

In step 4 the cost-effectiveness ratio is calculated as illustrated in the next figure.

1. Identification

project objectives and
effects

2. Calculation of costs

3. Quantification of
effects

4. Calculation of the

cost-effectiveness
ratio

5. Sensitivity analysis

Figure 15 Step 4: Calculation of the cost-effectiveness ratio

The results of a CEA can be presented in different ways. In simple cases, each
option being evaluated consists of only one measure. Thus, for example, if the
objective is to reduce CO; levels of passenger cars, the options are either to
implement a tax on fuel, or to consult drivers on better driving techniques, or to
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build in an ICT device that gives direct feed-back to the driver of his CO,
emissions. In this case, the policy measures investigated in the CEA can be ranked
by their cost—effectiveness. The most preferable option is then the measure with
the lowest cost—effectiveness ratio (least cost per unit of effectiveness). If the
policy objective is clearly defined (or if the available budget is known), it is also
possible to rank the measures based on how much it will cost to achieve this
objective with each measure (or how much of the desired effect can be achieved
with the given budget).

The table below illustrates a fictional cost effectiveness calculation of three
measures that reduce CO, levels on a corridor X. The investment costs and effects
in this example are rising with each measure. However, the table also shows that
measure 3 is most cost effective, because the costs per tonne CO, reduction are
the lowest. The costs of measure 1 are the lowest, but also reduce CO, -levels the
least, which makes it an expensive solution that is the least cost effective. This
does not necessarily mean that one should not choose measure 1. If the objective
is to reduce approximately 500 tonnes of CO, it is the cheapest solution for
achieving the objective. Sometimes a combination of different measures may be

needed. More information about combing different measures can be found in
Table 27.

Measure Costs (€) Reduced CO, levels Costs per tonne Ranking
(tonne CO,/year) ((3)

Measure 1 600.000 500 1.200 3

Measure 2 1.000.000 1.000 1.000

Measure 3 1.400.000 1.600 875 1

Table 26 Example of costs effectiveness calculation

This example presents the cost effectiveness ratio for a specific year, compared to
the required investment costs. Other choices in presenting cost-effectiveness are
presenting the cumulative lifetime or the annualized lifetime costs and effects.
This means that not only the investments costs but also the operating and
maintenance costs are taken into account, as well as the effects during the
lifetime of the project (or multiple future years). This could be done by calculating
an average cost and effect per year (summing up of all costs and effects divided
by the number of years from the start of an investment towards the end of the
lifetime). Instead of an average yearly cost and average effect also the present
value of the costs and effects can be calculated. This means that, before dividing
the yearly effects have to be discounted by using a social discount rate. In the
end this method gives a more exhausted overview than the example mentioned
above. However, this is also a much more complicated method.
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Combination of different measures

In many instances, however, a single measure may not be sufficient, so that a combination
of different measures will make up the policy option(s) being explored: for example, a tax
on nitrogen fertiliser would be complemented by training for farmers, and this would be
supplemented by technical measures for nitrate retention. The best solution can be found
by ranking all policy options in terms of their incremental cost-effectiveness ratio (ICER).
An ICER is a ratio of the incremental cost of a measure divided by its incremental benefit.
The lowest ICER indicates that policy A (the more effective measure) dominates policy B
(the next most effective) in terms of cost—effectiveness. To maximise cost-effectiveness,
regulators should implement policy A until its marginal cost-effectiveness is dominated
by that of another policy measure. In this sense, narrowly choosing a single policy
measure will rarely be the most cost-effective policy, and the preferred option will be a
combination of measures. Rather, implementing a suite of policy measures such that their
marginal costs are equal will yield, by definition, the most cost—effective approach. As
with any policy decision, distributional considerations and value judgments will determine
if the most cost-effective plan is endorsed.

The below graph depicts an optimally cost-effective, measure—by-measure approach to
policy implementation. Assuming cost—effectiveness is the only decision criterion, the
policymaker applies policy measures in increasing order of their cost/effectiveness ratio
(i.e. measures 1, 2, 3 and partially 4), until the desired effectiveness (E*) is achieved.

Table 27 Combination of different measures
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Cost
=1+24+3+Hla

Effectiveness = E¥ E*

Another issue is to distinguish between independent interventions and mutually exclusive
interventions (Philips, 2009). While the costs or effects of an independent intervention are
not affected by other interventions, the costs and effects of mutually exclusive
interventions are changed by other interventions. As a consequence the implementation
of one intervention might rule out the implementation of another intervention. In the
case of mutually exclusive interventions it is important to use the ICER as well.

Figure 16 Approach of measure by measure selection

4.6 Step 5: Sensitivity analyses

The fifth and final step aims to carry out sensitivity analyses. These additional
analyses test and show the robustness of the analyses, and by this the ranking of
the different project alternatives.

1. Identification

project objectives and
effects

2. Calculation of costs

3. Quantification of
effects

4. Calculation of the
cost-effectiveness ratio

5. Sensitivity
analysis

Figure 17 Step 5: Sensivity analyses
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The results of a CEA need to be subjected to a sensitivity analysis to identify the
key factors to which the results are most sensitive. The sensitivity analysis ensures
that decision makers are fully aware of the range of possible outcomes of
different measures. The range of outcomes is determined by varying uncertain
parameters individually. Uncertainty can be categorised in three types: parameter
uncertainty, model uncertainty and generalizability uncertainty (Tan-Torres Edejer,
2003).

Parameter uncertainty can occur in:
e Cost estimates and estimates of effects;
e Characteristics that are specific to a country or target group;
e The discount rate (if applied).

Model uncertainty can be caused by using different methodological approaches
or approaches that are not suitable for estimating certain effects (see also CBA).

Generalizability uncertainty is related to extrapolations over time or translations
of intermediate results to final results.

By determining the impact of changes in the parameters on the outcomes, it
increases the likelihood of estimating correctly whether or not the cost-
effectiveness ratio of a measure is below a certain threshold that indicates that
the measure provides value for money. This threshold can be seen as a
benchmark for measures (Philips, 2009).

Besides determining the impact on the outcome it is also important to determine

the probability of the occurrence of changes in the parameters (Tan-Torres Edejer,
2003).
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Annex I - Literature on CBA and CEA

Literature on CBA

Cost Benefit Guides can be found on the following websites
http://ec.europa.eu/regional policy/sources/docgener/guides/cost/quide2008 en.pdf

Economic Evaluation for Business Cases: Technical Guidelines:

http://www.dtf.vic.gov.au/files/41597c68-1da4-434e-a891-ale000de53ff/Economic-Evaluation-Technical-
Guide.doc

eIMPACT, Assessing the Impacts of Intelligent Vehicle Safety Systems, see

www.eimpact.info/

Cost Benefit Guide from DG Regio:

http://ec.europa.eu/regional policy/sources/docgener/guides/cost/quide2008 en.pdf

CBA Guidelines Structural Funds

http://ec.europa.eu/regional policy/sources/docgener/guides/cost/guide02 en.pdf

FESTA Field opErational teSt supporT Action, a 7th Framework (ICT) Project, see

http://www.its.leeds.ac.uk/festa/index.php

Literature on CEA
Birnerova et al. 2006. “Possibilities of comparison of benefits and costs of

intelligent transportation system projects.”
http://www.leidykla.eu/fileadmin/Vadyba/10/Eva Birnerova Pavol Kral.pdf

Dhaliwal et al. 2012. "Comparative Cost-Effectiveness Analysis to Inform Policy in
Developing Countries: A General Framework with Applications for Education.”

http://www.povertyactionlab.org/publication/cost-effectiveness

European Commission. 2013. “Evalsed Sourcebook: Method and Techniques”.

http://ec.europa.eu/regional policy/sources/docgener/evaluation/guide/evaluation sourcebook.pdf

Gorlach, Benjamin et al. 2005. "Cost-effectiveness of environmental policies: An
inventory of applied

ex—post evaluation studies with a focus on methodologies, guidelines and good
practice.” Copenhagen: European Environment Agency.

http://www.ecologic.eu/files/projects/2013/1731 Cost-effectiveness conclusions.pdf

Kok, R., et al., "Cost-effectiveness of greenhouse gas mitigation in transport: A
review of methodological approaches and their impact”. Energy Policy (2011),

doi:10.1016/j.enpol.2011.09.023.
http://www.sciencedirect.com/science/article/pii/S0301421511007129
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http://ec.europa.eu/regional_policy/sources/docgener/guides/cost/guide2008_en.pdf
http://www.dtf.vic.gov.au/files/41597c68-1da4-434e-a891-a1e000de53ff/Economic-Evaluation-Technical-Guide.doc
http://www.dtf.vic.gov.au/files/41597c68-1da4-434e-a891-a1e000de53ff/Economic-Evaluation-Technical-Guide.doc
http://ec.europa.eu/regional_policy/sources/docgener/guides/cost/guide2008_en.pdf
http://ec.europa.eu/regional_policy/sources/docgener/guides/cost/guide02_en.pdf
http://www.leidykla.eu/fileadmin/Vadyba/10/Eva_Birnerova__Pavol_Kral.pdf
http://www.povertyactionlab.org/publication/cost-effectiveness
http://ec.europa.eu/regional_policy/sources/docgener/evaluation/guide/evaluation_sourcebook.pdf
http://www.ecologic.eu/files/projects/2013/1731_Cost-effectiveness_conclusions.pdf
http://www.sciencedirect.com/science/article/pii/S0301421511007129

Philips, C. 2009. “What is cost-effectiveness?”.
http://www.whatisseries.co.uk/whatis/pdfs/What is cost effect.pdf

Study on the Use of Cost-Effectiveness Analysis in the EC's Evaluations, Eureval-

C3E, 20 July 2006.: http://ec.europa.eu/smart-regulation/evaluation/docs/cea finalreport en.pdf

T. Tan-Torres Edejer et al. 2003. “Making choices in health: WHO Guide to cost-

effectiveness analysis.” World Health Organization
http://www.who.int/choice/publications/p 2003 generalised cea.pdf

Website: http://ec.europa.eu/europeaid/evaluation/methodology/tools/too_en.htm
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http://ec.europa.eu/smart-regulation/evaluation/docs/cea_finalreport_en.pdf
http://www.who.int/choice/publications/p_2003_generalised_cea.pdf
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Annex II - Value of time

Country

Austria
Belgium
Cyprus
Czech Rep
Denmark
Estonia
Finland
France
Germany
Greece
Hungary
Ireland
Italy

Latvia
Lithuania
Luxembourg
Malta
Netherlands
Poland
Portugal
Slovakia
Slovenia
Spain
Sweden

United
Kingdom

EU 25

Commute

Bus/Slow
modes

8,22
7,84
811
5,88
8,67
5,09
7,76
11,20
8,22
7,09
517
8,58
10,40
4,65
4,54
12,24
6,67
7,95
5,05
6,84
4,71
8,22
871

8,40

8,52

8,68

Car/train

11,43
10,91
11,28
8,18
12,07
7,10
10,79
15,58
11,44
9,86
7,19
11,94
14,46
6,47
6,30
16,95
9,29
11,06
7,03
9,52
6,55
11,44
12,12

11,67

11,87

12,07

Business

Bus/Slow
modes

32,43
31,35
24,08
16,29
36,02
14,66
32,14
31,63
31,80
22,18
15,44
34,11
29,27
13,39
13,22
43,41
21,29
31,97
14,70
22,08
14,12
21,46
25,51

34,61

33,14

27,19

Car/train

40,41
39,05
30,00
20,31
44,88
18,24
40,06
39,42
39,64
27,63
19,24
42,50
36,47
16,69
16,48
54,10
26,52
39,84
18,31
27,52
17,59
26,75
31,79

43,12

41,29

33,89

Other

Bus/slow
modes

6,89
6,57
6,80
4,92
7,27
4,28
6,50
9,39
6,90
5,95
4,33
7,20
871
3,90
3,80
10,22
5,59
6,66
4,23
573
3,96
6,90
7,30

7,03

7,14

7,27

Car/train

9,58
9,15
9,46
6,86
10,12
5,95
9,05
13,06
9,59
8,28
6,02
10,02
12,12
5,44
5,29
14,22
7,78
9,28
5,89
7,98
5,49
9,59
10,17

9,79

9,95

10,12
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Table 28 Estimated VTTS-values —passenger trips per mode, trip purpose and EU-
25 member states (€2020 nominal per passenger per hour)
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Annex III - Fatalities and injuries from road

accidents

per million pass-km

million pass-km

Country Cars Fatalities Injury Fatalities Injury Injuries
accidents accidents
BE 109,1 812 40569 744 372 506
BG* 46,9 776 17101 16,55 365 496
CcZz 63,6 802 19675 12,61 309 421
DK 51 255 3498 5,00 69 93
DE 887 3648 288297 411 325 442
EE** 10,1 78 1506 7,72 149 203
IE 46 212 5779 4,61 126 171
EL 99,6 1258 15032 12,63 151 205
ES 341,6 2479 85503 7,26 250 340
FR 727,3 3992 67288 5,49 93 126
IT 700,2 4090 211404 5,84 302 411
LV 16,5 218 3193 13,21 194 263
LT* 29,9 300 4394 10,03 147 200
LU 6,5 32 787 4,92 121 165
HU 52,6 740 16308 14,07 310 422
MT 2,2 15 577 6,82 262 357
NL** 141,2 537 19378 3,80 137 187
AT 73 552 35348 7,56 484 659
PL 297,9 3908 38832 13,12 130 177
PT 83,7 937 35426 11,19 423 576
RO 75,5 2377 35995 31,48 477 648
SI 25,6 138 7659 5,39 299 407
SK 26,9 371 6131 13,79 228 310
FI 64,7 272 6072 4,20 94 128
SE** 99,2 266 18027 2,68 182 247
UK 653,8 1905 160665 2,91 246 334
Total 4731,6 30970 1144444 6,55 242 329
Table 29 Road accident and fatality rates in EU (2010)

* Due to lack of injury data for Bulgaria and Lithuania have been extrapolated from countries with
similar road fatality rates
** For Estonia, the Netherlands and Sweden 2009 data have been applied due to lack of 2010 data

*** Cyprus is excluded due to lack of data
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